INTRODUCTION

7
reported relative to the gravitational vertical, with positive angles indicating left ear down. returned it to the center position when released. We chose a displacement rather than an 160 isometric joystick because its use was more intuitive for participants, i.e. if the body rolls too far to 161 the left, then they would move the joystick to the right to counter the motion. The joystick signal 162 was conveyed by a wireless USB connection to the computer running the control loop.
163
MARS Control Algorithm. The direction of balance (DOB) was the roll angle at which the
164
MARS could in principle remain stationary with minimal control inputs by the participant. The 165 DOB is however an unstable equilibrium point, so that a slight deviation of the MARS to either side 166 of the DOB would result in it falling away from the DOB. In our experiments, the DOB was offset up 167 to ±30° from the gravitational vertical. Inverted pendulum dynamics were simulated by the 168 control scheme shown in Figure 1B . The symbol φ represents the angle between the long axis of 169 the MARS and the DOB, and can be considered a measure of how "off balance" the MARS is at a was being repositioned and when to resume the task.
180
The pendulum constant k P ( Figure 1B) Schieppatti, 1999).
187
As shown in Figure 1B , a velocity increment proportional to the lateral joystick angle.
198
To determine the response latency of the system, we replaced the joystick input with four 9 sinusoidal forcing functions of 0.1 through 6.4 Hz, and amplitudes of 1° through 50°. Data were 200 recorded for 50 s with the MARS axis either aligned with the gravitational vertical or tilted by 30°.
201
For frequencies up to 1.6 Hz, the average delay was near constant up to 40° amplitude across anterior-posterior and medial-lateral directions and was used to calculate the mean sway 213 amplitude (Winter 1995). The first trial was for familiarization and was not analyzed.
214
The experimenter then explained the inverted pendulum dynamics of the MARS to the 215 participant, using an analogy with a pencil falling over after being balanced on its point. The were not significantly different at DOB=-5°, 0°, and +5°.
351
We also computed the frequency range of joystick inputs that covered 90% of the power 352 spectral density for each trial. Figure 5B shows that for the GRAVITY instruction the upper 
